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Abstract

Q " This paper presents the system description and organization of MAPS,
< the Map Assisted Photo interpretation System.

MAPS is a large
integrated  database  system resolution

photographs.

containing  high
maps and other cartographic  products,
combined with dct.nilcd/if)' descriptions of man-made and natural
features in the \\’.ushingt(m D.C. arca. A classification of image

acrial
digitized

database systems nto three models is also presented. These models are
the Image Database (10) model, the Map Picture Database (vph)
model and the Image/Map Database (1M13) model.”

1. Introduction

“This paper preseats the system description and organization of MAPS,
MAPS is a large
acrial

the Map Assisted Photo interpretation System.
integiated  database containing  high
photographs, digitized maps and  other cartographic  products.
combined with detailed 31 descriptions of man-made and natural

system resolution

features in the Washington 1. C. arca.

— “I'his paper discusses three major topics. First. a classification of
different models of database systems for cartographic applications is
presented together with o discussion ot therr mhg[gm strengths and
lmutations. These models are the Tmage Datibase (1) model, the Map
Picture Ih:.lh.m"(\;l.'n)v_}mudci and the Image/Map Database (1IMD)
model. Sccond. we :!.rgu;- for ||;C'l;{ll;l§ of the Image/Map Database
maodel. discusstasks and presenti general deseription of the model.
I'his model describes components., facilities and techniques that should
be present in such a system. and a range of tasks that can be supported
by the model. ""II'I.IH‘\,';-;P dcscrlho;\lhc MAPS system i terms of our
(1MD) model. and discuss three applications which uulize and integrate
image, terrain, and map data in a powerful manner. WC(.IISﬂ discuss
what'we have fcarned during the implementation of the MAPS system,
some ideas on the proper interfaces between components, where
modularity should be achieved, and point to future work.

i
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2. Background

Our carly motivation for investigating image databases was as a
component of a complete image understanding system. We had only a
vague idea of what capabilities it should have. but we thought that it
should represent “idealized segmentations™ of an image. where the
labeling of the scgments was in fact the “scenc interpretation™. It
should relate. or compare machine generated segmentations to this
model. and provide the user with a qualitative and quantitative
performance measure of the machine segmentation. We attempted this

1.2

with the MiDAs system’ % using the segmentation results for a set of
Pittshurgh city scenes gencrated by the ARGOS ™ # system. “The results of
the performance analysis of the scene scgmentation were less than
cncouraging.  While we could give quantitative analysis of the
segmentation and labeling by the ARGOS system. the qualitative results
were couched in the original (subjective) hand segmentations. It was
difficult to qualitatively  distinguish between  alternative  machine
segmentations, since the relative importance (or cost function) of
missing or mislabeled regions or broken boundaries for different
regions was not represented in the segmentation. How to perform such
an evaluation is still an open rescarch problem.  Also, although we had
a databasc of' 18 high resolution color images of Pittsburgh, we had no
general mechanism to relate one to another, except through analysis of
the hand segmentations and the names given to buildings, roads, rivers,
and other features in the scene.  However, in the process of
implementing and using MIDAS we did learn a great deal about image

database and

organization symbolic  representation of  scene

descriptions.

We decided to look at map-guided image interpretation and began to
assembic an acrial photograph database of the Washington, . C. arca.
Using this imagery. we felt. we could quickly generate a map database
that would allow us 0 explore image analysis of complex acrial
photographs using a simple map database that constrained where to
look. and what o look for. This idea of map-guided segmentation was
8.7 wore
based on similar ideas. and use of world knowledge had been a well

not new. The HAWKEYE syﬁtcm‘ and succeeding "road expert
accepted paradigm in image interpretation.  However, we wanted to
focus on more general capabilitics, W represent large scale spatial
organizations normally encountered in complex urban scones.  The
gencration of the map database wrned out to be a much harder
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problem than we initially estimated. and it guickly became the focus of
our rescarch, Tn retrospect, | helieve, it was exactly the right problem to
work on, and although there is sl much to do in the arca of
image/map datahases, we oow have the right tools and understanding
to begin to tackle the original problem. ‘This work has dircet

application in three arcas:

o photo-interpretation: representation of world knowledge
for image understanding.
o sitnation assessment: a spatial expert for decision support

systems.
o cartography: toward digital map generation and use.

3. Classification of Databases

“I'here has been over the last ten years. a perecived need for
organizing and  structuring image and map data for cartographic
applications. 1t has been difficult to compare various capabilities and
limitations of systems because ticie waid fow comimon denominatoens
by which systems could be compared.  Systems rcported in the
literature could loosely be categorized either as rescarch vehiicles, or
production-oricnted systems for particular well defined subtasks of the
general cartographic problcmﬂ' 9.10 Research vehicles generally had a
high degree of organizational complexity tested on very small scale
databases. Systems used in nroduction environments tended toward
simplc modcis running very large seale Tautbusea, Turther, white fie
tasks being pevformed involved the aualysis ol aerfal or satellite data, it
is often unclear whether the image data was an integral part of the
resulting database, or simply nsed for data acquisition, One example is
the development of digital filing systems that store facts about a lage
aunbci of Tnages without stortng the actwal image datn. The best
cxample of such a system is the EROS Data Center database
maivgsined by e 06 Pep of dhe Interdor. This databasc has
approximately 2x10% frames of Landsat imagery and 5x10% frames of
airerafl (acrial mapping) photography.  Users may specify an arca of
interest by geodetic pomt or rectangwdar arca and sub-seleey diose
frames based on time of year, cloud cover, type of sensor and a a
scene quality rating. THowever, the actual frames of data are stored on
high density magnetic tape. Similar sitations exist in map producing
organizations such as the United States Geological Survey (LsGS) and
the Defense Mapping Acency DMA.

1.1 where an image

Onc notable exception is deseribed in Kondo cta
databasc using landsat imagery was integrated with map descriptions
for geographic, natural, and culwral features. Features can be
displayed superimposed on the image data, and imagery could be
indexed by geodetic location or by feature name. ‘There are limitations
such as: the image-to-map correspoudence was based on a fixed
decompuosition of landsat data into a latitude/longitude grid at a map
scale of 1:50000: the spatial relationships between features were entered

manually; and the overall complexity of the image and map database

(1]
for acrial mapping photography

was small. Nevertheless, this represeits an ambitions new direction for
the development of tand-nse systems using | .andsat imagery. !

In this discussion of databasc systems for cartographic and situatioo
assessment applications, we arc assuming that the following minimal
capabilities hold: (1) on-line display of digital imagery and map data,
and (2) ability to query interactively about attribnies of the imagery and
map. The following is onr classification of the capabilitics of three
models which we can use o compare various cxisling systeois or
approaches. ‘These models are the Image Databse (1) model, the Map
Picture Database (MPD) model and the Image/Map Databasc (IMD)

model.
4.1, image Databases

The Torage Databise model (10) s the sinipliest and most common
database model. 1Uis organized to velate attributes about the sensed
image such as sensor-type. acquisition, clond cover, or geodctic
covcrugcm. “These databases generally do not represent the content of
the scepe. but rather attributes of the scene. When the senuintics of the
seene are prosent, the location of cartographic features are represented
in the image (pisel) coordinate system. ‘This poses abvious Himitations
o the application of relevant knowledge from other images or from
external sources, since there is no general mechanism to relatc map
feature position between images that overlap in coverage or to an
external map.  Although the features represented may appear o be
majt-oriented, is is difficult to compute general geometiic propertics
using the image ruster as the coordinate system.

Althongh relational database technigues have been applicd to the 1D
modcl, we feel these technigues are not appropriate W spatial databasc
organizations for scveral reasons.  1Fivst using the basic <aitribute,
valte) tuple (o represent vector fises of wap coundinate data requires

that all of the primary key attributes be duplicated in cach relation,
fui e wadund Jaic lists

siice thare s uo Tredtanism for alledimg
order pairs) as a primitive atribute in u selation, Further, the relational
databasc operations such as union, interseetion, join, project, arc oot
good primitives for implementation of inherently geometric operations
such as containment, adiacency, intersection and  closest point.
Operations such as featue intersection are reduced to searching for line
segments which share the same pixel position. Finally, in any large
system. a logical partitioning of the database must be performed in
order to avoid extensive and often unnecessary scarch when performing
spatial operations. Partitioning is difficult to achicve in relational
systems since the relational model restricts itsell to homogencous (only
one record type) sequential sets.  Previous work advocating such
organizations did not address the issucs of system scale, and focused
more on issucs of query languages using relational modcls for
geographic  databases than  the actual construction of complex
syslcms'z'”' 14 When measured by the number of images, image-
based featurcs, and by the complexity of the relationships represented,

these systems were quite simplistic.

(11
using flicht annotation such as the center point and corner points not using general

image-to-map correspondence
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3.2. Map Piclure Databases

‘The Map Picture Database mode! (MpD) describes databases that are
generated by digitizing cartographic products, such as pre-existing maps
and charts. These databases are attractive in environ:aents where paper
maps have played a large role in planning and analysis.  There are,
however. some major himitations to spatial systems based on digitized
cartographic products.  First, in the original map production, spatial
ambiguity has been rectified by the cartographer ina manner that is not
often reversable.  The cartographic process  involves  simplication
(generalization). classification (abstracuion). and symbolization of real-
world ambiguity.  Constraints imposed by the scale of the map often
determine which world features can be depicted despite the desirability
of portraving a complete spatial representation.  Therefore, map icon
and symbology placement may not be as accurate as the original source
material. Since the deduction of the actual spatial arrangement of
objects from an iconic represemtation is an open problem, MPD's
represent chaos masquerading as rationalized order. ‘The key issue is
that MPD'S are pictures of a map (however detailed) rather than the
Although the
araphics display of MeD appears o convey a great deal of semantic
informaton, that impression is a rosult of the human observer, not a

underlying map structure and spatial organization,

reflection of an underlying map representation.

When a map s digitized into a map picture. another subtle
simplification occurs.  The digiization process results in a map image
oni a rectangular gnd whose sivc is generally limited cither by custom or
as an artfact of the digitization process.  Common limitations are
scanner resolution, maximum size of image raster, and the physical size
of source map. Oue popular representation is to subdivide regions of
the map picture nte a regular decompaosition such as qu.nl-ucc'5 % or
k-d aree'”. The implementation of this representation is greatly
simplified in MPD modcls since one no longer has to contend with
positonal ambiguity of map features because of the cartographic
process outlined above, and the discrete nature of the digitization
process.

Onc common use for the MPD model is in geographic information

systems for Lind use and urban planning. In these systems, aggregrate
values such as population of an arca and crop yield of an arca are
computed. The scale of the origimal map becomes the limiting factor for
accuracy in information  computation.  However, the grain of
computation is usually large cnough that these inaccuracies are not a
practical problem. Incremental update of the database duc to new
residential and industrial arcas and the concomitant loss of rural areas is
a difficult problem since database update requires careful map editing
tools not usually associated with these MPD systems.

A recent trend has been to take existing MPD databases and add a
map feature database component, usually relational o describe
autributes of various features. We beliove that augmenting traditional
\MPD databases with semantic information has merit in  those
cnviroments where analysis is being performed by humans, since

information synthesis is not a requirement of the databasc system.
However, once such a system is in place, there is a tendency to aticmpt
to automate analysis functions requiring spatial interpretation, and the
generation method of the MPD model has several drawbacks for use in
photo-interpretation, sitation assessment, and cartography. The chief
problems are the method of generation as outlined above, the lack of
semantic information about map features. and the requircment that a
map exist at the appropriate level of detail for the arca under
The M model discussed in the following section
addresses these issues.

consideration.

3.3. Image/Map Databases

The Image/Map Database model (1Mp) relates map features to
image database through camera models. It therefore has the capability
to describe relationships between features acquired trom  different
images through the map database. This capability is in contrast to the
image database model where the feature descriptions can only be
related if the descriptions come from the same image.

Since the map database is built directly from acrial imagery in the
MD model, the resolution 7 accuracy issuc is a function of the ground
resolution of the imagery. the intrinsic position measurement crror due
to camera model, ground control. etc. rather than an artifact of the thap
depiction scale as in the MPD model. A greater varicty of feature
descriptions is possible since they are not restricted to those that can be
portrayed in a cartographic product.  Further, the complexity of a
particular feature deseription is independent of any  particular task
requiremient and can represent a rich set of attributes, semantic
interpretations, and knowledge from diverse sources.  This flexibility is
a kev clement for map data representation as we look toward spatial
database systems with applications in cartographic production, expert
photo-interpretation, and situation assessment.

However, just as the cartographer must resolve ambiguity, so the
spatial database must be able (o represent INCONSISIENCY in a consistent
manner. For example, errors in correspondence between images and
the geodetic model cause the same point on the carth W be given a
different geodetic position, ie. when viewed from different images the
same geodetic point produces a different world position. 1f this point is
on a common boundary between two features, say a political boundary,
there should be ambiguity as to which region the point is in. By the
same oken, if two large residental arcas are found to intersect because
of positional uncertainty, and the result of the intersection is several
small polygonal arcas. the IMD model should be able to rectify this
ambiguity. This rectification might take the form of a symbolic
relationship that indicates that the residential arca share a common
boundary. whilc maintaining the ability to represent the original
crrorful signal data. Since the original data is maintained in the
databasc. the symbolic relationships do not have w0 be stauc. For
cxample. these relationships can be dependant on attributes similiar to

those used by cartographers when they perform simplification and
generalization.  The link from the symbolic interpretation back to the




original source data is not possible in MPD systems.

3.3.1. Spatial Knowledge

ITie 1D model gives us the wols o construct our map database from
“first principles” and tie together partial spatial knowledge at different
levels of detail. This is possible because individual map features may be
specified direetly from souice imagery. This capability is precluded by
the derivative nature of the MPD model. That is. it is difficult to
assimilate new and possibly crrorful knowledge because of the
mismatch  between the new  crrorful - data and the cartographic
rectification of ambigious data.

I'he representation of @ muluple levels of detail paradigm is often
imvoked as i part of a coanse-fine or hicrarchical matching strategy in
mage processing and interpretation. - Given the scale and digitized
ground resolution of an image. the IMD model can generate a map
description that will suppress any features that would be too small o be
recognized. with remaining descriptions at the appropriate level of
detnl. This techmgue is more than camera scaling and transformation,
aince the criterion for “too small” can be an aunbute of the map feature
itself. Consider the map feature description of a university campus. At
some level of detl corresponding w pixel ground resolution distance
(@GR, features such as playing ficlds. dormitories. instructional
buildings and offices. access roads. and campus greenery arc all
individually distinguished. Using spectral properties of the features

and spatial relationships between these features, we can determine
those feature boundaries that are Tikely to be muddled. and those with

sufficient detail to be recognized.

‘The muluple level of detal paradigm need not be applied in a
homogencous manner.  For example. asks such as decision ads for
photo-intelligence may require high resolution detail 0 support
analysis, but low resolution detail o establish overall context. A large
scale spatial organization containing urban, residential, and rural arcas
will require flexibility to represent the high feature density and
complexity in the urban arca as well as significantly lower density in
rural arcas,

Flexible knowledge acquisition 1S necessary because in - photo-
interpretation, stuaton assessment. and cartography. world knowledge
is inherently fragmented. Knowledge fragmentation in these domains

arises from:

« methods of knowledge acquisition
‘There are diverse sources of knowlege that are used
acquire map feawre information.  Some of the most
common arc direct measurement from imagery. old maps
and charts. sketches. and collateral data.

o task requirements
If the task requirement is to support radar scene simulation,

““lot example: roads preserve linear propertics until the GRD approximately equals
the width of the road

then clevated roads are significant, and road networks in
general are not signiticant. I the task is Lo support map
generation at a particular scale (say 1:50000). the feature
size density may determine whether it is dircetly portrayed.
gencralized. or omitied entirely. There are, of course, well
defined rules that govern these decisions, but they are
generally not consistent across a wide range of map scales.
o specialization in feature extraction
‘There is a certain amount of specialization in cartographic

and situation assessment activities.  Analysts may specialize
in a particular arca of the world. be knowledgable in
hydrology. geology. local construction customs, oF political
matters. In the production of large scale maps it is rare to
find map gencralists. although this may not be true for low
level feature extraction activities. This specialization tends
1o fragment knowledge, and is often given as a justification
for building database systems that provide access w a wide
range of map knowledge and may have general capabilitics
for knowledge synthesis.

‘The MD model methodology provides a mechanism for feature
unification in a cohesive framework. It provides a framework to relate
symbolic deseriptions to their original data sources. It is not tied o a
particular cartographic representation nor to limitations of cartographic
production.

4. The Database Problem in Image Interpretation

The database problem has been addressed in a variety of ways in
systems that perform image analysis and interpretation.  However, it
has rarcly been pursued as a scparate rescarch problem.  One
cxplanation for this is that portions of general database represention are
often embedded in the experimental iMage processing systems and
become highly tuned to the application. This is sometimes a result of
system performance issues, or case of task-specific implementations,
but often it is a result of not recognizing the database problem as a
scparate issue.

1tis difficult to give a precise analysis of the use of map databases in
image interpretation, since the detailed organizations of experimental
systems are rarcly available. However, there are scveral recent
cxamples. Work at SR1 used a map database of road intersections 1o

construct a camera model in the HAWKEYL and subsequent “road
S.6.7

expert” systems
The ArGOS™? system used a digitized city plan map and clevations
for buildings t build a 31 graphics model of downtown Pittsburgh.
lhis model was dircatlv compiled into a knowledge nctwork
representation. which described size, shape and relative positions of
buildings. roads. rivers, and bridges for an arbitrary view point.
Although it was not tied to a geodetic grid. it was a general map model.

el o il



Recent work at Hughcs‘"‘ based on the ACRONYM system developed
by Brooks and Binford'? uses image registration to a geographic model.
The system uses pre-sclected regions of interest and attempts to locate
and identify pre-defined object instances within these arcas.

ACRONYM is currently the best example of a model-based system
that incorporates viewpoint-insensitive mechanisms in terms of its
muodel description. 1S recognition process is o map edge-based image
properties to mstances of object models. In the domain of aerial photo
interpretation. results have been reported for the recognition of a small
number of models (3) for wide-bodied jets in aerial photographs. Itis
not clear how map knowledge would be directly integrated into the
ACRONYA framework. but one could speculate that it could be added
by a method similar to the work at Hughes described above.

\1.n\1|3.1m.1m 21 has demonstrated a system for segmentation and
interpretation of color-infrared acrial photographs containing roads.
rivers. forests. and residential and agricultural arcas. It uses rules 0
make assignments based on region  adjacency and multi-spectral
properties. These rules make use of informal map knowledge but do
not direetly use a particular map to guide interpretation. It gencrates
good de
great deal of constraint from the mulu-spectral data.

ptions of a variety of fairly complex acrial scenes getting a

In his recent thesis, Sclfridg.c” proposed using adaptive threshold
selection for region extraction by histogramming and region growing
Although the work
describes feature positions and shapes n terms of pixel descriptions, it

using an image-based “appearance model”.

is net difficult to imagine a more general map-based approach that
would result in the automatic generation of constaints to his adaptive

aperators.

At CMUL Herman® has demonstrated the feasibility of incremental
acquisition  of 3D scene  deseriptions  from - sterco-pair acrial
photographs in the MaPS database in the 31 Mosiac project.  This
system requires a known stereo camera model but uses no a-priort
knowledge about the scene other than weak geometric assumptions

about urban environments.

5. The Image/Map Database Model

In this section we discuss four classes of @ ™hat are common to
photo interpretation, situation assessment. and cartography.  We then
list some critcria by which one can cvaluate the strengths and
limitations of database systems.  These criteria are not exhaustive,
rather they point to four arcas that should be present in MD

implementations and system capabilitics in cach of the arcas.

5.1. Tasks for Image/Map Database

In this scction we give a classification of tasks that are common to
applications in photo-interpretation, situation assessment, and digital
cartography systems. The four tasks are selection of image, terrain, or
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map data based on attributes of the data. spatial computation of map
feature relationships. semantic compuiation of map features, and
symthesis of imagery. terrain and map data.

1. Selection
‘I'he sclection task requires that the 1MD system be able 0
select from a potentially large set of database entitics based
on attributes of image. terrain, and map database features.
The sclection task docs not require  image-to-map
correspondence, and is the task normally performed by 1D
model systems. For example:

@ sclect imagery with particular intrinsic characteristics:
sensor. scale. date, cloud cover. processing history

o sclect map features based on symbolic description,
partially specified description, similaritics in image
acquisition

(=]

. Spatial Computation
Spatial computation is ubiquitous in cartographic, situation
assessment and photo-interpretation tasks. An IMD system
must  provide  wols 0 compute  common  spatial
relationships such as containment. closest point. adjacency.
and intersection.  One issue is how to structure the
environment in order to constrain scarch and thereby avoid
unnecessary computation, Consider four views of the same

problem:

e given a geodetic arca, which images cover. or partially
cover this arca

o which roads can be found within the image

e which images contain this building

e given an image, find all images which overlap it

s

. Semantic Computation

Ihere are a number of tasks that require more than basic
spatial computation. or where the appropriate spatial
operation depends on the meaning of the map objects. Are
there intrinsic high-level properties of map features that we
can oxtract from basic spatial gecometry that give a meaning
0 the feature?  Semantic computation needs to be
investigated as we develop more complex spatial databases.
For example. what is the semantics of “intersection” for the
following pairs of map objects?

e intersection of two roads
e intersection of bridge and river description
& intersection of a building and a road

4. Synthesis
One goal of any databasc system should be to bring
together diverse sources of knowledge into a common
framework. Synthesis is the generation of new information
using 2 new method of presentation, computation. or
analysis. For example:




 cartographic supcrposition of map data on newly
acquircd image

« 3D display of terrain and cultural features from map
database including man-made  structures, political
boundarics, ncighborhoods, arbitrary collections of
physically rcalized features

eto predict spatial (location) and structural
(appearance) constraints; where to look and what to

based  of
experience. or expectations

o u spatial framework within which o embedd task-
specific knowledge

look  for tsk  knowledge.  previous

5.2. Criteria for Image/Map Database

In this section we list some criteria that can be uses to evaluate
database systems in four general arcas. These areas are image-to-map
correspondence, map feature representation spatial computation, and

database synthesis.
1. Image-to-Map Correspondence

ecan the it rclate image-based features w a map
coordinate system

e can these features be projected onto new imagery
using the correspondence mechanism

e chat capabilitics exist for incrementally updating
feature descriptions based on updates to the camera
model. or to intrinsic changes to the feature self.

2. Representation

e what arce the capabilitics for feature representation:
what complex spatial relationships can represent: how
is inconsistency recognized and handled

ecan the user describe features and  associated
atributes in a flexible manner: what is the varicty of
autributes.

ecan the representation accommodate  map-based
information coming from a variety non-imagery
SOUrces

& what is the relationship between the representation of
signal and symbolic data

o what synthesis tasks docs the representation support

3. Spatial Computation

o docs the system support dynamic spatial querics

e what spatial rclationships does the system compute
dircctly from the underlying data, which rclationships
are specified by the user, how do they interact, how
docs onc maintain consistency

o what mechanisms are available o partition the search
space when computing spatial relationships
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4. Datahase Synthesis

 imagery. terrain and map data are components, cach
with an appropriatc  representation,  operation
senuntics. and utility: in what ways does the database
support synthesis of these components

o what concrete tasks requiring synthesis are performed

6. MAPS Overview

In the previous sections we have attempted to raise issues of
In this
section we will discuss the MAPS system components capabilities. We

Image/Map Database organization, tasks and capabilitics.

will only briefly describe those aspects that have been reported on in
other papers. Our latest work in the arca of hicrarchical organization,
decomposition, and scarch is reported beginning in Scction 6.6. New
work in map feature semantics is discussed in Section 6.7. For a more
detailed description of the image segmentation program (Section 6.1.2)
and the image-to-map correspondence program (Section 6.3) sce
McKeown®, For a detailed description of the CONCEPTMAP database
sec McKeown®. Appendix | contains a ncarly complete list of the

programs associated with cach system component.

6.1. BROWSE: Interactive Image/Map Display

prows! 2 is an interactive window -based image display system. It
provides a common interface to all of the MAPS system components Lo
display results of queries, graphical prompts for intcractive image-to-
map correspondence, superimpostion of map data on imagery, and
other similar functions. While often viewed as an application issue. a
flexible. functional user interface is critical for building more complex
wols.  BROWSE provides the user with a window-oriented interface.
which greatly increases the effective spatial resolution of the frame-
buffer, and provides multiple processing contexts which allow users
manipulatc dynamically the size, level of detail, and visibility of
imagery.
6.1.1. Window-based Display

We have applied and extended the bit-map window 4 paradigm w
handle high resolution, multi-bit per pixel digitized images. However,
duc to neail, an order of magnitude difference in the amount of data
needed to perform screen updates and duc o processing limitations
found in most frame-buffer architectures, many of the solutions used
for single bit per pixel displa)ﬁ“ arc not suitable for direct
implementation. A detailed discussion of the design and organization
of the window manager appears in McKeown & Dcnlingcrz".

Besides the display of imagery, we have found the window
representation to be useful as a communication mechanism between
MAPS components, to invoke Image processing  programs. and to
All MAPS
components (sce Appendix 1) that display imagery, map data or
graphics usc the BROWSI

retricve and display the results of such Processing.

window mechanism for display and
communication. For cxample. the interactive image correspondence




program. CORRIS, uses the window mechanism to automatically display
landmark image fragments and to create a high resolution window
containing the approximate position of the landmark ground control
point to cue the user. PICPAC contains a collection of image processing
routines that can be invoked on BROWSE, windows simply by specifying
the window name.  BROWSE routines use the window name to
determine the image name. resolution. and rectangular image bounds.
This information, along with parameters specific to the particular
processing operation, are passed to the image processing routine. ‘The
rosults of the operation can be displayed in a new window.

6.1.2. Interactive Image Segmentation

SEGMENT is an interactive image scgmentation program which uses
the tROWSE window facility to provide an interface to our frame bufter.
Users can extract image-based descriptions of map  features, edit
existing features. and assign symbolic names to the features. SEGMIENT
produces a standard format [SI'G] file that is used throughout the MAPS
database to represent image-based descriptions of point. line, and
polygon gecometric data. Databasce routines discussed in Scction 6.5 arc
available to convert the [SI'G) description to a map-based description
D3]

6.2. Image Database

Ihe MAPRS system currently contains approximately 100 digitized
images. most of which are low alutude aerial mapping photographs.
Iypical ground resolution distances (GRD) are 120cm’. 360cm’. and
600cm” per pixel.  The imagery s manly comprised of three data sets
1974, 1976 and 1982
photographs. we have several digitized maps including a USGS

tuken in In additon w0 acrial mapping

topographic map, and tour guide maps.
status of the MAPS Washington D.C. image database.

Figure 1 gives the current
Although we
have several Landsat, Skylab and high altitude acrial photographs taken
over the Washington D.C. arca. we have focused our work on those
images that provide the greatest ground detail.

IMAGE DATABASE
CLASS NUMBER SCALE RASTER COMMENTS
ASC 74 25 1:36000 20482204818 Aerral mapping BW
WGL e kX 1:12000 22002220028 Aeriral mapping BW
AER" 79 2 1:124000 22882278828 Color infrared
ASC"82 29 1:60000 2300x2300a8 Aerial mapping BW
MAP 71 1 1:24000 4096240968 USGS topo map
MAP 74 1 1:160000* 4096x3880x8 D.C. region map
MAP 79 3 1:16000* 4096x4096x8 Tourist guide map

®* not cartographically accurate.

Figure 11  MAPS: Image Databasc Component

6.2.1. Generic image to File Mapping

Ihe MAPS system uscs a generic naming convention to refer to
images in the database. ‘The generic name is a unique identifier
assigned to the image when it is integrated into the database. For
cxample, DC3I8KI7, DCI0  are  representative  generic names  that
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correspond to flight line annotation on the photographic film. All types
of image access that require the filesystem name of the image, or
require associated image database files, usc the generic name
mechanism to construct the appropriate physical file name. It is
possible to change the logical and/or physical location of imagery by
updating the generic name file or to add another image to the database.
As we move to larger image/map systems this naming isolation allows
us 1o construct a databasc that can be distributed over multiple

‘The decoupling of name with physical or logical location fits well with
name sernver organizations usually employed with such distributed

systems.

‘The following table lists the database files associated with cach active
image in the Mars database. Each is accessible using the generic image
name.

® [GINFRICT  image-to-file system mapping
- contains the file system location of the database image
- identfies which reduced resolution images are computed
and available for hicrarchical display

e [SDI]  scene description file
- contains image specific information: source, date, time of
day, raster size, diginzation, image scale, geodetic corner
points. camera information

e [COI] image-to-map coefficients file
- contains model  coefficients. model,
polynomial orders solved, best correspondence (default
polynomial order)

mdependent  coefficients for <latitude>. <longituded,

<image row> <image columnd

® (COR] correspondence pairs file
- mapping of ground control points to image point
specification
- lists of landmark names and their geodetic position
combined with image pixel position of landmark specified
by user

o [11vP]  hypothesized landmark file
- lists of landmark names which are within the image

Camcera crror

geodetic coverage, but were not used to perform image-map
correspondence

6.2.2. Image-Based Segmentations

MAPS maintains several types of image scgmentations and map
overlay descriptions associated with cach image in the database. These
segmentaions cither arc feature descriptions generated using the image
as the basc coordinate system, or the projection of map features onto
the image using map-to-image correspondence, or segmentations from
other images registered to the image. In the latter case, image-to-map
correspondence is used to register the two images. Users can point to
segmentation overlay features using the display interface in BROWSE
and CONCEPIMAPR, identify the seamentation feature name and retrieve
the (DI MsSSEG) and
[CONCEPISIG) segmentation descriptions, the name of the segmentation

its mmage and geodetic  coordinates.  For

feature is used W retricve the associated DEAD (see Section 6.4) or



CONCEPIMAP description,  'Fhe following table is a list of image
segmentations  asociated  with  each  image o the datahasc.
Segmentations that require map correspondence for their generation
can he aatomatically recreated when image camera model is updated.

o (HANDSEG]  hand (mman) segmentation
- collection of all hand segmentations performed on this
image

o [1ICOMPSIG])  composite hund segmentation
- collection of all features in the (ANDSEG] datahase that
are spatially contained in this image

o (MACHSIG]  nuichine segmentation
- caltection of all machine segmentations performed using
the image

® [MCOMPSEG]  composite machine segmentation
- collection of all features in the [MACHSIG] database that
are spatially contained in the image

® [N1L.MSSEG]  DIMS map overlay
- all features from the pLAMS digital feature analysis datahase
that are spatially contained in the image

o [CONCEPISEG]  CONCEPTNIAP nap overlay
- all features from the CONCEPTMAP datahase that are
spatially contained in the image

® [COVERSIG]  image coverage overlay
- all images whose arcar of coverage is overlapped or wholly
contained within the image

6.3. Image-to-Map Correspondence

The MAPS system uscs an interaclive image-to-map correspondence
proccdure o place new imagery into correspondence with the map
dawbase. 1t has three major components: @ landmark database, a
timdmark creation and cditing program, and an intcractive
correspondence program.  ‘The process of  landmark sclection,
description, and interactive carrespondence has been descrihed in detail

in McKeown?*,

6.3.1. Landmark Database

MADPS maintains o database of approximately 200 geodetie ground
cantrol points in the Washington 1.C. arca. Landmarks are aequired
using USGS topographic mans, but in principle can he integrated from
any  source  that  provides  accnrate  geodetic  position
Catimde/longitnte/elevationd. Users can query the database o find
landmarks by name, within a geodetic arci, or the closest landmark o a
geodetic point.  Landmark  feares are also integrated into the
CONCEPIMAP database and can he found using the <role-derivation>
attribute (see Section 6.5.2) of a concept role schema.

6.3.2. LANDMARK

1ANDMARK is an interactive tool used to generate new landmarks,
Uiy bond demsption andl aam siiaed jemugr frapmeoiis The following
information is maintained by LANDMARK to support landmark datalase

{aceess.
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o (1DM]  Tandmark e directory
- associates the list of lindmark names with their geodetic
positian
- sorted for spatial proximity
- partial name manching also provided

@ [11Y]  lamlmark text description
- cantains a detailed text description of the location of the
landmark and general factual propertics of the landmark
- stores the Tocation and name of the associated image
fragment file (11MG) and replicates the geodetic position
from Idm file

o (1G] landmark image fragment
- contains a high-resolation image fiagment which clearly
shows the ground control puint and scene context around
the point

6.3.3. CORRES

CORRIS is an interactive image-to-map correspondence program, It
uses the BROWSE window interface, the LANDMARK database, and
image database routines o interactively huild an image-ta-map
correspondence. Once an initial guess of the carner points is performed
and the [COR} and €01 files have been created in the image datahase,
CoRrRres antomatically snggests new possihle landmark points using the
image database [11ye] files. ‘1he LANDMARK database [1IMG] files are
nsed 10 display the groand control point when the user sclects it from

the list of hypothesized points.

6.4, DLMS: An External Database

‘e ability 10 rendesvous with externally generated map databases is
a key capahility in order ta integrate information from a varicty of
sources.  Onc cxamiple of the flexihility of the MAPS dawabase is
illastrated hy onr experiences with the Defense Mapping Agency's
(1MA) Digital Landmass Similation System (11 .Ms)zg.

DEAVS is composed of a digital feature analysis database (DUAD)
which describes man-made cultural features and a digital terrain
clevation datibase (1311°0) which is organized as a raster clevation grid.
‘The specified resolution of the DEAD data is comparable to map scales
of 1:250.000 1o 1:100,000. ‘Ihe specified resolution af 11D data is
within a meter vertical resolution over a 1002 meter (3 arc sec) grid.

6.4.1. DFAD: Digital Feature Analysis Database

In order 0 integrate the DI'AD datahase into MADPS, we reorganized
the internal BEAD data structures o allow for random access using a
feature header list.  We converted the representation of geodetic
courdinges from an offoet format at weae melative o an internal bage
coordinate, o an absolute coordinate system.  Our DFAD database
connrs a two degree square arca, from latitude N 38% to N 40° and
fuigiade W w W RE T coniposed OF B8 "miap sheew”, cadh
containing a 15°x15 map arca. We assigned unique feature identifiers
(names) 10 map features hecause Teatnre numbers were not unique
across map sheets. ‘Fhere are no feature names or semantics associated
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with DEAD entries primarily becaase the database was not intended to
be used as a general purpose geographic information system,  ‘Ihe
featare header mechanism allows us to perform random aceess o
features in a map sheet. We can also search using feature atiributes such
as feature analysis code, Teature type, surface material code. and feature
id code. This type of reorganization is neeessary to support an
interaetive query-hased interface for human and application programs.

Figure 2 shows a plot of polygon features in the arca corresponding
to our entire Washington 1).C. database. Figure 3 is a detailed portion
of the pDUAD database centered on Foggy Bottom.  For comparison,
Fignre 4 is the corresponding arca from the CONCEP PMAP databuse
plotted on the same scale.

Some of the DEAD database entrics are casily recognizable as natural
or man-made featares, althoagh as discussed, this information is not in
the original database itself.  Iigure 5 is the description for the ‘Tidal
Basin, Figare 6 is the Rochambeau Bridge. 1Figure 7 is a description for
a large irregular arca in central Washington 1.C. that contains the
major government olfice buidings. ‘The feature name assigned by MAPS
is the first entry in cach of the I<igures.

feature "11257471a809°

leatnre header: 471 (scek:72416)

feature analysis code: 1082

feature type: areal feature

surface material code: (6) water

feature 1d code: (909) not assigned
subcategory: fresh water (shallow)

average height (meters): 0 !

aerial feature: 471 polygon with 76 vertices
tree cover: 0 roof cover: 0 density: 0
min point (south west) 5298,7979

max point (north east) 55667,0385

Figure 5: DEAD: Description for "Tidal Basin

feature 'd2573741250°

feature header: 474 (seek:73132)
feature analysis code: 1085

feature type: linear feature

surface material code: (3) stone / brick
feature id code: (250) not assigned
subcategory: not assigned (general)
average height (meters): 2

Yinear feature: 474 line with 3 vertices
— Y T ] ped Vord ity B

first point: 5024,8064

last point: 5192,8227

Fipure 6:  DCAD: Descrintion for Rochambeau Bridge

feature 'd257402a610°

feature header: 402 (seek:63688)

feature analysis code: 1010

feature type: areal feature

surface material code: (3) stone / brick
veature 14 coue: {(6Tu) ol wasryned
subcategory: institutional (general)

average height (meters): 28

aerial feature: 402 polygon with 27 vertices
tree cover: 10 roof cover: 70 density: 3
min point (south west) 5705,7971

maa poirt (north east) 6260,8799

Figwe 7o mram, Dusipton for Covernmient Buildings
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6.4.2. DTED: Terrain Elevation Database

The organization  of e digital terrain - ditabase is  more
straightforward, 'l'ly DTED database covers the same geodetic arca a8
oar DEAD data. 1 is organized into 64 raster images using the same
image Format as our digital acrial imagery. 13uch image containing a 15°
X 15 array of terrain samiples, where cach “pixel* is a discrete clevation
point.  The terrain package, FLEVATION, provides a transparent
interface to the OTCD  database.  Users can  retrieve  clevation
information based on rectangudar geodetic arca, closest sample point to
a geodetic point. or by weighted interpolation.  ELEVATION uses the
CMU image package w cfficiently buffer blocks of contiguous terrain
data.

6.5. Conceptual Map Database

The map database component of MAPS, CONCEPTMAP, has been
described in McKeown®,  We will give a brief averview ¢f the
organization and concentratc on our new work in hicrarchical

organization and feature semantics.

6.5.1. Concept Schema

‘The basic entity in the CONCEPTMAP database is the coneept schema.
‘I'he schema is given a unique 113 by the database, and the aser specifics
a‘symbolic’ print name for the coneept. l<ach coneept may have one or
more rale schema associated with it Rale schema specify one or more
database views of the same geographic concept.  Ifor cxample,
northwest washington® can be viewed as a residential arca as well as
political entity. Anather aspect is the ability to assoeiate the same name

to two dilferent but rekated spatial objects.  Consider the ‘kennedy
center’ s a building and as the spatial arca (ie. kiwn, parking area, cte.)
Geoinpassting e bullding.  The principle role of 1 concept sthoma

indicates a preferred or default view. ‘The CONCEPIMAP database is

composed of lists of coneept schema.

6.5.2. Role Schema

The role schema is a further specification of the attributes of the map
feature. It contains the sole mame awibute (building, bridge.
commercial area, etc.). a subrofe name attribute (house, museun.
dormitory, eic.), i rofe class atrivute tie.. buildings may be goveranicd
residential.  commercial, cte.). a role iype auribute (ic. physical,
conceptual or aggregate), and a role derivation aribute (ic. derivation
method).

‘I'he role name, subrole, and rofe class attributes categorize the map
featnre according o its function.  For example:  this feature is a
building, used as an office bailding, used for gavernment purposes.
‘Ihe role type attribute describes whether the map feature s physicatly
realized in the scene, or if it is a conceptual feature such as a
neighborhood. political, or geographic boundary.  The role type
attribute also provides a mechanism to define the rofe schema as a
collcetion of physical or conceptual map features, For example, the
concept schema in MaPS for “district of columbia’ hn§ a role type
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aggregrate-conceptual, with aggregrate rales. ‘northwest washington’,
northeast washington’,  “southwest  washington’, and  “sontheast
wishington™.  This mechanism attows the user o expheitly represent
coneepts that are strictly composed of ather role schema. ‘The rale
derivation auribute describes the methad by which the role and its
asseciated  geodetic  position description  were  added  to the
CONCEPTMAP database.

Fact role schena contains a 3010 identifier that is used to access a set
of CONCEPTMAP database files which contain geodetic information
about the map feature. These identifiers can be shared when multiple
roles have the same geodetic description, as in the previous cxample of
‘northwest washington” viewed as both a residential and political arca.
‘The coNcrprvap 3D deseription allows for point, line, and polygon
features as primitives, and permits the aggregration of primitives into
more complex topologies, such as regions with holes, discontinous lincs,
and point lisis, Associated with each feature that was acquired from a
image in the database is the generic name of the image.  IF the
correspondence of the generic image changes due t the addition of
maore ground control points, or better a camera mxdel, the position of

the ground feature can be automatically recaleulated.

I'he following is the set of files associated with cach 3pIn.

o (D3] 3 geodetic location
- a set of atitude/longitude/elevationd  triples which
define the geodetic position of the role
o (D3] 3D feature shape description
- metric values for lenght, width, arca, compactness,
centroid. fourier shape approximation cic.
e (] feature image coverage
- a list of generic images which contain this feature
- image mbrand feature coordinates for cach image
o [PROP]  feature property list
- list of properties of the map feature
- some "l"llf‘l“l H'-\.!,'l.':
display type’
fewmure type spectfie properties such & numbor of Roors,
‘basement’, “height’. and “roofype’ for buildings

M i s anp ';.g..’..,‘ IR

6.5.3. Database Query

CONCIPIMAP supports four methods of database query,  The
micthods are signal ace~<  symbolic access, template maiching and
geometric access. 'The following table gives a brief description of cach
query method.

o signal access
N . . . . . nAnES
Given a geodetic specification (point, line, arca) ,
peiivin g l‘lli;\l\'\‘;ulb \II.I\.ldl;(hlﬂ.
- display alt imagery at which contains paint, line or arca.
- retrieve aft map features within geodetic speeification
- retrieve icrrain clevation
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o symholic access
Given a symbolic name, such as ‘treasury building’ perforim
the following operations;

- convert name into geadetic specification w perform signal
decess operations listed abave
recrieve database deseription, Tacts and pooperties of the

map feature
- retrieve imagery based on symbolic (generic) name

e template matching
Given a partial specification of symbolic attributes perform
the following operations:
- find all map featres which satisfy the specification
template and return their symbolic name
- find all images and return symbolic (generic) name

® geonetric access
Given a geometic operation such as “contains’ and a
geadetic specification perform the following operations:
- find all map features which sasfy the operation
performed over the geodetic specification and return their
symbolic name. - find all image features and rowrn
svmbolic name

‘These primitive access functions can be combined® (o answer
querics such as: “display images of Foggy Bottom before 1977, "what is
the clasest commercial building (o this gecographic point', and “how
many ridges cross between Virginia and the District of Columbia’,
Figure 8 is a simple schematic giving the processes by which Maps
pravides signal and symbolic access into the CONCEPIMAP databasc and
display of the query result.

6.5.4. Spatial Computation

CONCEPTMAP conputes geometric propertics based on the geodetic
descriptions associated with cach role schema in the database. A static
description of all spatial relationships between map  features for
contains.  subsumed by, intersection.  adiacence.  closest  point
partitioned by is maintained in the database.

e ‘contains’
- an unordered list of features which the map feature
contains

o ‘subsumed by
- an unordered list of features which contain the map
feature

awEsy
this specificalion may be in geodetic coordinales or require image-lo-map
correspondence

N p——




© ‘intersection”
- an unordered st of features which interseet the map
feature

o "closest point’
- aingle feature which is closest o the map feature

o “adjacency’
- an unordered list of features that are within a specific
distance of the map feature

o “partitioned by’
- the locus of points where two arcal features share a

common boundary.

If one or more of the map features i a spatial computation s a result of
4 dvnamic query {and therefore not i the st database). these
relationships are computed as needed. A simple ‘memo’ function s
mplemented to woid recomputation of dvnamic propertics.  The use
of the static description can also be ‘turned off to evaluate hicrarchical

search as deseribed in the following section

Ihe CONCEPIMAP database stores both factual and exact information
describing the spatial relationship. For example. if two features
intersect. the list of geodetic intersection points is stored, as well as the
fact that they intersect at Ieast once.  This is necessary for query which
require the display of imagery containing a gcometric fact. and may
possibly be useful for describing the semantics of the intensection. In
the following section we will discuss the use of a hicrarchical
orgzanization based on the “contains” relation primitive. and show how it

can be used 1o structure the spatial database.

6.6. Hierarchical Organization

In this section we discuss the use of hicrarchical organization of
spatiai data in the MAPS system. The conCrrivae database is used o
build a hierarcin tree data structure which represents the whole-part
relationships and spatial containment of map feature descriptions. This
wree is used 0 improve the speed of spatial computations by
constraining scarch 1o a portion of the database.  In the following
sections we briefly discuss why we believe this is a good alternative to
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regular spatial decompositions such as qun!lrc-:l . or k-d tree!’

usually proposed for MpD model databases.
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6.6.1. Regular Decomposition

Regular decompositions such as the quadtree organizations do not
explicitly exploit the inherent structure in spatial - organizations.
Practical implementations of these organizations often use image-based
(integer) coordinate systems and therefore have @ bounded position
resolution. In general cartographic systems it is important o he able o
represent and manipulate map feature descriptions at radically different
resolutions using o real valued coordinate system. For cxample.
consider a dynamic query that results in the creation of a very smul!
polygonal arca. When computing contaimment or INLCIsection against a
static map database with features represented as a quadtrees. the
quadtrees for the static map feature must be generated to a much finer
level of detail in order to compare the two data structures. Recent work
is beginning to represent quadtrees on real valued coordinate s\slcms'
but litde is known of its practical implementation, complexity, and
storage cfficiency.  K-d trees show storage cfficiency improvements
over qu.ulu'ccs”. since they allow for a more flexible decomposition
wilored 0 spatal feature density,  However. they have the same
fundarnental hmitations when used to represent niap features in a real

valued coordinate system.

In MAPS we perform geometric computations on the feature data in
the geodetic coordinate system using point, line. and polygon as map
primitives, We constrain scarch by using 4 hicrarchical representation
computed directly from the underlying map data.  These spatial
contramts can be viewed as natural, that is, intrinsic to the dat. and
may hanve some analogy to how humans organize a “map in the head”
10 avoid scarch.  For example. when a tourist who is looking for the
Watergate Totel is told that the building iy in Northwest Washington,
she will not spend much ume Tooking at a map of Virginia. Depending
on her familiarity with the area. she may avoid looking at much of the
map outside of the Northwest District.”™™™™ As we begin to represent
large numbers of map features with more complex interrelationships.
we believe that the use of natural hicrarchics in urban arcas. such as
political boundarics. neighborhoods, commercial and industrial arcas,
senve to constrain scarch. They may also allow us to build systems that

organize data using spatial relationships that are close to human spatial

maodels.

6.6.2. Hierarchical Decomposition

e hierarchical containment tree is a tree structure where nodes
represent map features. Fach node has as its descendants those features
that it completely contains in atinude/longitude/clevation) space. 'The
hicrarchical tree is initially generated by obtaining an unordered list of
features (containment list) for cach map database feature. Starting with
a designated root node (greater washington d.c.’) which contains all
features in the database. descendant nodes are recursively removed

s
If she is told that the Watcrgate i also near the Potomac niver, that should
further constrain her scarch, but that 1s another story.

from the parent node list if they are already contained in another
descendant node. “The result is that the parent node is left with a list of
descendant features that are not contained by any other node. ‘These
descendant nodes form the next level of an N-ary tree ordered by the
‘contins’ relationship.  This procedure is performed recursively for
every map feature. Terminal nodes are point and line features, or arcal
features that contain no other map feature. We will discuss the point
containment and closest point computation using the hierarchy tree in
the following section.

Figure 9 shows a smail section of the hicrarchical containment tree.
‘Ime use of conceptual features= features with no physical realization in

the world but represent well understood spatial areas=- can be used to
2

partition the database. In this case the map feature “foggy bottom’

41 entries for “contains” for ‘northwest washington®

entry 0: ‘memillan reservoir (role: 0)°
entry 1: “kennedy center (role: 0)°
entry 2: ‘ellipse (role: 0)°
entry 3: ‘executive office building (role: 0)°
entry 4: ‘white house (role: 0)°
entry 5: ‘treasury building (role: 0)°
entry 6: “department of comnerce (role: 0)°
entry 7- “museum of history and technology (role: 0)°
entry 8: “hkey bridge (role: 0)°
entry 9: ‘thomas circle (role: 0)°
entry 10: "dupont circle (role: 0)°

* entry 11: ‘foggy bottom (role: 0)°
entry 12: ‘whitehurst freeway (role: 0)°
entry 13: "mclean gardens (role: 0)°
entry 14: ‘macomb playground (role: 0)°
entry 15: ‘theodore roosevelt island (role: 0)°
enlry 10: "interior department (role: 0)°
entry 17: “district dburlding (role: 0)°
entry 18: ‘lafayette park (role: 0)°
entry 19. “constitution hall (role: 0)°"
entry 20: “wational press building (role: 0)°
entry 21: °"23rd street (role: 0)°

entry 22: ‘comstitution avenue (role: 0)°

entry 23: “virginia avenue (role: 0)°

entry 24: ‘uational zoo (role: 0)°

entry 25: ‘georgetown (role: 0)°

entry 26: “glover park (role 0)"

entry 27: ‘national cathedral (role: 0)°
entry 28: "21st street (role: 0)°

entry 29: “north 20th street (role: 0)°
entry 30: “19th street (role: 0)°

entry 31: ‘east pennsylvania avenue (role: 0)°
entry 32: ‘e street (role: 0)°

entry 33: “treasury place (role: 0)*

entry 34: ‘state place (role: 0)*

entry 35. 26th street (role: 0)°

entry 36 west pennsyvania avenue (role: 0)°
entry 37 '16th street (role: 0)°

entry 38: "1 street (role: 0)°
entry 39: ‘vermont avenue (role: 0)’
entry 40: "13th street (role: 0)°

"11 entries for ‘contains’ for “foggy bottom’
entry 0: ‘ker-edy center (role: 1)°

entry 1 washington circle (role: 0)°

entry 2 state department (role: 0)°

entry 3: “american pharmaceutical associatien (role: 0)°
entry 4: 'national academy of sciences (role: 0)’

entry 5: 'federal reserve board (role: 0)°

entry 6: ‘national science foundalion (role: 0)°

entry 7: ‘civi] service commission (role: 0)°

entry 8: 'c street (role: 0)°

entry 3: '22nd street (role: 0)°

entry 10: “south new hampshire avenue (role: 0)°

Figure 9: MAPS: Hicrarchical Spatial Containment
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allows us to partition sume of the buildings and roads that are contained
within ‘northwest washington’,  As more neighborhood arcas and city
districts are added to our database, we eoxpect to sce improved
performance especially in arcas with dense feature distributions. "This
will also improve the richness of the spatial description availuble to the

uscr.

6.6.3. Hierarchical Search

In this section we discuss the use of our hicrarchical organization to
partition the map database o improve performance by decreasing
scarch when computing the spatial relationships of map features. ‘The
hicrarchical scarching algorithm is basically an N-ary tree scarching
algorithm,  Consider a user at the CONCEPIMAP image display who
invokes the geometic database to compute a symbolic description of
what map featurc he is pointing at.  First, using image-to-map
correspondence, the system calculates the following map coordinates:

latitude N 38 53 49 (276)

tongitude W 77 03 53 (337)
This point is converted into a temporary map database feature and s
tested against the root node of the hierarchy tree. £t is not contiined
in this nude (not generiliy the case). then e peint cinnot corresponag
o a database feaure, and the search terminates, ‘Fhe nser s informed
that the point is ontside the map database.”""""" If the “contains' est
stceeeds, it recarses down the tree and performs the test against the
siblings of the node just tested. e search allows several paths o exist
for iy point, thus more than one sibling may contain a path to the
point. This sore of andnady vecws v o Teatune Tuppana W Calst ;-'n.
the intersecting region of two larger regions. However, if the feature is
not contained by the node. it is not contained by any of the node’s

areed, Figure

Quscomdiatts, and s purtion of tdre wee is wor Turthres
10 shows the answer o our hypothetical query, The query point is
contained within “theodore rovsevelt island', and two search paths in
the contininest tree are given The same mechanism s used for line
and polygon  features, although the primitive  determination  of
containment depends on the geometric type of the feature.

This node belongs in the following place(s):
3 entries for ‘contains’ for ‘theadore roosevelt island’

entry 0: ‘northwest washington’
entry 1: ‘district of *columbia’
entry 2: ‘greater washington d.c.’

(R A RN R RN ANN] A N D AEEEE A RN RN NS
2 entries for ‘contains’ for ’theodure roosevelt island’
entry 0: ‘potomac river’
entry 1: ‘greater washington d.c.'

Figure 10;  Maps: Containment I'ree Entry for
‘Theodore Roosevelt Istand

L1141 1) &
THis can aciually OCuui siite waclh i dlivwed L it

ity ouordiimves

through the tenminal. Thercfore the dalabase has some crude idea of its exient of map

knowledge

G
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6.7. Toward Feature Semantics

We have begun to investigate the gencration of map feature
semantics directly from the hicrarchical representation of the map
feature data. A simple example is the semantic description of 2 bridge:
the feature names and map locations that it connects as well as the
pames of the map features that it crosses over. Figures 11 and 12 show
the result of applying o procedural description of the semantics of a
bridge concept o caleulate the “conneets” and ‘crossover™ relationship
using the map featare descriptions of “arlington memaorial bridge® and
‘theodore rovsevell memorial bridge”,  “These results are generated
directly using the MApPS hierarchical organization for spatial data. We
do not pose this as a theory of map feature semantics, but envision a set
of feature specific procedures that can build these types of descriptions.

2 entries for ‘contains' for ‘querypoint 1°

entry 0: ‘virginia®

entry 1: ‘greater washington d.c.’
teessvsasnece [N [) teesssssssece

2 entries for ‘contains' for 'querypoint 1°

entry 0: ‘arlington memorial bridge’

entry 1: ‘greater washington d.c.'

P AP AN AP INIIEIIPEREIEIEEIEIOIINIIUNS

4 eniries ior  contains or  queiypoint £

entry 0: ‘mall area’

entry 1: ‘southwest washington’
entry 2: ‘district of columbia’
entry 3. ‘greater washington d.c.’

sesssasecenne [ [} sseessssrenss
2 entries for ‘contains’ for ‘querypoint 2°
entry 0: “arlington memorial bridge’
entry 1: ‘greater washington d.c.*®

5 entries for 'intersection’ for ‘crossover’

entry 0: ‘virginia®

entry 1: ‘district of columbia®
entry 2: ‘southwest washington'
sl fy §° ‘Tl avurm’

entry 4: ‘potomac river (Role: 0)°

2 entries fur ‘connects’ for ‘arlington memorial bridge
entry 0: ‘virinia®
entry 1: ‘mall area’

{ entries for ‘crossover' for ‘arlington memorial bridge
entry 0: ‘potomac river’

Figure 11: MAPS: Semantic Computation from Spatial Data
Arlington Memorial Bridge

‘I'he procedure for bridge semuntics is as follows: A bridge can be
represented in the CONCEPTMAP database as an polygonal area, a list of
lincar segments, or as a geodetic point. The polygonal area arises when
the bridge deck is represented, the list of lincar scgments approximates
the center line of the bridge, and the point fcature gencrally represents

that the bridge is a landmark feature. No semantics are computed in
the latter case. If the bridge is represented as a line, the end points are
selected, ctherwise the endpoints of the major axis of the bounding
clligise are retrieved from the feature D31 fite, At some level of
description, these cadpoints define the ‘conneets’ relationship, but this

)
%
1
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2 entries for ‘contiains® for ‘nuerypoint 1°
5 entries fnr ‘intersection’ for ‘crossover list’

entry 0: ‘virginia'
entry 1: ‘greater washington d.c.’ entry 0: ‘virginia’
seesssscssans [ | ) sereeveesssss entry 1: ‘district of columbia’
2 entries for ‘contains’ for ‘querypoint 1° entry 2: ‘northwest washington’
entry 0: ‘theodore roosevelt memorial bridge’ entry 3: ‘theodore roosevelt island’
entry 1: ‘greater washington d.c.’ entry 4: ‘potomac river’
$00000000000000000000000artosetosstsrttesssrertisane

000000000000 0000000etiicuerviedsnetsssecttetsssssscs

3 entries for ‘contains® for ‘querypoint 2° 2 entries for ‘connects’ for ‘theodore roosevelt memoria

entry 0: ‘northwest washington’ entry 0: ‘virginia’
entry 1: ‘dastraict of columbia’ entry 1: ‘northwest washington®
entry 2: ‘greater washington d.c.’
evvessveseve AN [J Ceeecersesces 2 entries for ‘crossover’ for ‘theodore roosevelt memori
2 entries fur ‘contawns’ for “querypoint 2° entry 0: ‘theodore roosevelt island’
entry 0 ‘theodore roosevelt memorial bridge’ entry 1: ‘potomac river’
entry 1: ‘greater washington d.c.’

0008000000000 0sosonesatetoiiereitossssnsssssvisosnse

Fignee 12; MaPS: Scemantic Computation from Spatial Data
Theodore Rovseselt Memworiul Bridge

AD MAP DISPLAY
MADS can be UsED To GenemaTe a 3D Scene oF 3 desiGnated ared by combznine
ternain, conceptmap patabase and thematuc map bata

User specifres area of mterest by symbalic on sisnal aceess, also specifies
3D wviewine- position and illumination position
20 Themalic/MAR 30 HCENE T _ 30 SGENEL
POPANYE

o

DispLays searcHes SeaRrcHes conceptMap
trHematic color nata terrain database database

to elevation Political
CONCEPT2  district of colwMbid

MetaL {W A\ CONCERT3 NORMWEST WASHINGTON
stone /bRicK 15 15 15 15 15 15 N :
ey I HI Y T Natural features
e seEIEion 2 12 12 13 12 12 CONCERTI  tipal basin
¥ eantHen worRKs it o1l owodn CONCEPT43 anacosT\a
TRees R 8 Resinennal

builownes CONCePT Sl GeOP.GETOWN
LAT: N38 53 21 (499) CoNCcePT 54 le'dn
2 LON: wr7 2 8 @49 - = puet

Figure 13: wast3p: 31 Map Display
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is not uscful if we are envisioning generation of a reasanably comiplex
symbolic representation.,

The “contains’ relationship is applied w each endpoint using the
hicrarchical tree to arder Un scarch. As hefore, this search returns a list
of Teatures ordered Uy spatial eontainment, and there may be several
independent containment paths, Redundant paths are climinated by
examining whether the bridge is in the containment path. The first
entry (4) in cach of the remaining paths is one of the arcas connected by
the Liidge. Using the “contains” refationship, the other entries in the
path are also valid connecting arcas.

To compute the ‘crossover”  relationship,  the  ‘intersection’
relationship is computed for the bridge using the complete list of line
segments or the polygonal description. A list of all the features that the
bridge intersects is assembied.  Entries in the intersection list are

reimoved il Uy dre disu [HEsCn i cither o dic “coneas Tise, Thic
assumption is that those features that didn’t contain a bridge endpoint,
hut intersected with the bridge description, are those features that the
J”Iid‘:,L ciuasey v, H i s .\uﬂ-lLiLnlib detwhod dievation data Ti
3" man-made features it should be possible to compute semantics for

s pvst el ey mrder’ by eilewletion the tamme devimon o

n.

the actual geadetic point of intessectil
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7. Synthesis Tasks

I this section we will discuss three applicatians of the MAPS database
to cartographic and image interpretation tasks. These tasks are 31 scene
generation of views of Washington 13. C., the usc of the map database
o gnide image segmentation. and some preliminary results on a rule-
Bastd systein Tur airpuit seenie imerpredation. Fach task requires the
capabilitics of various aspects of the 1IMD model as implemented in the
MAPS system, These applications pull together external and image/map
latabases. and arc only possible using an integrated system that relates
imagery, terrain, and map data through a unified cartographic
represemtation,

7.0.1. wAsH3D: 3D Scene Generation

‘The first application of the MAPS database is in the arca of 3D
computer graphics for scene sinulation and database  validation.
Computer graphics play an important role in the arcas of image
Prosiosiig, phaia linaprcaaion, and wiogiaphly, T canagrapity
various phases of the map generation pracess use graphics techniques
ar source material analysis, transeription and update, and some aspects
uf iap L.yuut wind ,uudm.'liun. Howevar, Thany uigjor AcpPs m tic
generation of a cartographic product remain largely manual. One
mportrt Ry fur el ety tools oxist 5 the mcgmtion of
terrain and cultural feature databases, ‘This integration step is often

Figure 14: wasinn: Vertical View 859 Northwest Washington
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used to verily the geodetic accuriey of natural and man-made Teatures
i the digital database prior o actual map Tiyout and production,

k! . i
03 Wadar, visual, and mualii-

Another application s sensor simulation
sensor seenes are digitally generated o verify the quality of digital
caltard aid wivane daabioscs o o dewnmimc die quatiy off the sensor
maodel. Tmprovements to the level of detail contained in the underlying
database can be subjectively measured in terns of the quality of the
penerated scene.,

9

WEEE i i Mo e el v ssedopty thdd

o e WA RS st
o integrate a digital terrain database, a culuval feature database, and
the conetPIvaAP database to allow a user o generate cartographically
accuritte S0 ones for human sisnal anatysis, WASITRD uses the coarse
resulation DEMS database described in Seetion 6.4 10 generate a
iscline thamatic map. The thomatic map i a 1Y image which is

produced by scan conversion of the DI digital feature analysis

Lidafiae @00 WD) fudliguil il e We i s valur i) eacly remion

polygon using the DI'AD surface material code-- forest and park (green),

FRAME ‘EEBFEﬂHE‘ (8 BITS RGB)

water (bluc), residential (yellow), and high-density urbin (brown),
IS terrain elevation data (D11D) is interpolated to determine ground
clevations at cach paint in the 20 image.  Since the resolution of the
DAL data i coarse, comparable o map scales of 11250000 to
1 100000, we tse die tuse e s database topiovide high resolutior,
3D feature descriptions of buildings, roads, bridges, residential and
commercial areas. The CONCEPIMAP database is derived from imagery
with resolutions between 1:12000 and 1:36000. and the addition of
those features effectively intensifies the peresived level of detail in the
sl d sconies oocn Froadht e BT 1 4 Somme resailbey

1 ukes? describes the wtility of selective database intensification for
wiloring standard database products to custom applications and for
time-critical applications  which cannot be  handled by normal
production schicdules. Figure 13 shows the interactive provess by which
users can specify an arca of interest for 31 scene generation. I-igures
Ph il LB i e Y semme ol Ui Wwilibnguunl 100 aed goserated

bv WASH3D.

Figure 15: wastin: Northwest Washington From Above National Atrport
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7.0.2. MACHINESEG: Map-Guided Machine Segmentation

The second application of the MaPs datahase is in the arca of map-
guided mactine séginaion, Useos inay apeaily wiiiap Teataie from
the CONCIPIMAP  database  or  intoractively  generate a feature
description oeing de STORICR Y propemh. 10 e ome

feature, MACIHINESEG uses «an existing image coverage [1C] file (see

i ey fogtos™ s

Seotion 5 ) thal apecifies o whicki images the feature is found. and
the feature location in the image. For interactive specification, an (¢
file is created dynamically by image-to-ntap correspondence using the

3 [
iHiage Gatalkiog,

DC38617

IFor cach image. a high resolution window contamning the dalabase
.I"\.(hlll\,' 'IA LAll(ILl\.d |lll\1 \;;,\‘J]cl;‘\.d. .‘V\I\. \.:\llllll\] .lll\. .\il.\.’ \lf ﬁl\- "llllb\.
window o contain an arca of uncertainty around the feature location,
" weprmersrony B coipeTrly bived ot e il e Peatire, Mert v len
to incorporate correspondence crror measures based on the quality of
the camera model assoriated with cach imape. The image window is
smoothed, and a segmentation is performed using a region-growing
lcchniquo“ which combines an cdge strength metric and region merge

aeeeptabiity Bundd om spectrad stmilipit toeomtrd! reghim groime,

Figure 16: MACIIINTSEG: Segmentation using MAPS Systen
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FFigure 16 shows the segmentatian of several low-clevation buildings
atong the perimeter of the Washington Ellipse,  “The uppermost
building is added o the CONCEPTMAP database in the standard manner
deseribed in Section 6.5. “The user specifies the image, DCI8AIT, 0
perfurm the segmontation and the MAQHSESEG systan autoniaically
displays a reduced resolution window of the image (38677), and a
high resolution window (cllipse area) containing the database arca.
MACHINISIG creates a copy of the high resofution window as a work

is
<

arca [ser asidel for e imie poees

T R
operation is Tollowed by the generation of sced regions using a
consenative similarity measure w insure that potentially matchable
regions are not prematurely merged. ‘The initial seed regions are
averlaid on the image using graphics averlays.  Any seed regions that
satisty the shape criteria for the datak:o. feature are extracted and
marked. In this example, the database feature itself was marked in the
initial sced region matching. As regions are merged based on weak
edigc Totadarics and Tigh specud compadBiiity, dic rouliing igion 1s
evatuated with respect to a list ol shape and spectral criteria.  1F the
region satisties the criteria, itis marked. and Turther merging is allowed
only if the proposed merge improves the overall region score, Criteria
inclade fractional O, arca, lincarity, perimeter, compactness, and

spectral nmeasures.

The Tinal resalts are shown in the second window laheled set aside.
Five bnildings similar to the map database featare were correctly
identificd while one bailding was omitted.  Six scgments were
incorrectly identified. 11ad we made use of spectral information in this
particalar  segmentation--  that the  building  roofs  were  bright
features-- we probably could have excluded 5 of the 6 errors, However,
we are more concerned with using weak knowledge, and one cannot
expeet beuer performance without more  sophisticated  analysis,
MACHINESEG allows the user to delete erroncous scgments and
generates map  descriptions of cach  extracted  feature,  These
descriptions can then be used to scarch for these features in other

database imagery.

‘I'he significance of MACHINESEG is that it can scarch systematically
for teatures in a database of images, an operation that is fundam= l
for change detection applications. It dircetly uses the map database
description as an  cvaluation wol for image scgmentation and
interpretation. 1t also uses very general image processing touls to
pecform both seginentation and evaluation and is amenable to
supporting other approaches 1o image segmentation and feature
recovery. A lurther application of the MACHINESEG system s discussed

in the following scction.

7.0.3.sraM: Rule-based System for Airport Interpretation
The third application of the MAPS system is in the investigation of
rule-based systems  for the control of image processing and

freerprelibion with respeet o v wodd nudsl
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In photo-interpretation. knowledge can range from stercotypical
information about man-made and natwural features found in various
situations (airports, manufacturing, industrial installations, power plants

clc.) o particular instantiations of these situations in frequently

Wonitored sites, 10 cructad Tor phoweticpneaiion apphications that
the metrics used be defined in a cartographic coordiniate system, such as
Clatitude/longinudes clevation), vather than an image-based coordinate
system.  Descriptions such as "the runway has arca 12000 pixcls" or

gin o ligligennr 200wl K%

tisules exoet T
{perhaps) the analysis of onc image. 1t is the case. however, that to
operationalize metric knawledge one must relite the world model ta the
image under analysis. “This shoald be done through image-to-map
corresponderce using camera models which is the method used in our
system.

15

We have begun to build SPAM™ 1o test our ideas in the use of the

omtmanon of @ map Jutabiose, Gk widieplindeain low=level nage

processing tools, and a rule-based system.

SPAM nises the MAPS database to stare facts about man-made or
natural Teature existence and iocation, and to perform  geometric
computation in map space vather than image space. Differences in scale,
orientation, and viewpoint can be handled in a consistent manner using
a simple camera model. The MAPS datahase facility alsa maintains a
portio]l model of interpretation, scparate from, but in the same
representation as, the map feature database,

The image processing component is based an the MACIHINISEG
program described v the proviows secion, 1t peifoims ow Tevel and
intermediate level feature extraction, Processing primitives are based
on lincar feature extraction and region cxtraction using edge-based and
region-growing techniques. 1t identifies islands of interest and extends
those islands constrained by the geometric model provided by MAPS
and model-based goals established by the rule-based component,

The rule-based component provides the image processing system
with the best next task based on the strength/promise of expectations
and with constraints from the image/map database system. It also
guides the scene interpretation by generating successively more specific
expectations based on image processing results,

We are in the preliminary stages of development for the SPAM system
and have begun to build a detailed map model of National Airport.
Figure 17 gives an example of the ability of the MAPS database to use

image-to-map correspondence to generate unified spatial models from
partial information. “Ihe line drawing labeled 37401.1MG contains the
northern seetion of  National - Airport:  30809IMG is a  partially
overlappiny southern section of National Airport.  Line segments
represeat point, line, and arcal features corresponding to runways,
terminal buildings, access roads, and hangars, interactively specified




3
.
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Figure 17 sraM: National Airport Spatial Model

unilied.img

Unified scene ol Washington National Airport

using the CONCEPIMAP representation. For those features that appear
in hoth images, the concept role mechanism (sce Section 6.5.2) is tised
o specify multiple  <latitde/longitude/elevation)  descriptians, A
unificd map deseription is creaied by maiching corresponding line
segmenls using the overlapping image arcas (in map space) to constrain
scarch, The result of unification is the line drawing labicled
AIRPORT.IMG.

8. Future Work

Onr future work will be directed toward two research tapics.  First,
we have only begun to explore the use of MAPS as a component of an
image interpretatian system. We will cantinue our wark in the airport
scene interpretation task, using the SPAM system as a testbed for
integration of a rule-based system with the MAPS systens, Sccond, there
is much to do in expanding the CONCEPTMAP database to include more
complex 31D descriptians. and in attendant issucs of scaling and sizing
ta larger dutabascs. Other tasks we will pursuc are the cvaluation of our
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/ 37401.img

36809.img

Southern section ol Washington National Airport

hicrarchical spatial representalion to constrain scarch in large databases,
general salutions to cemplex spatial queries for situatian ussessiment
applications, and the application of spatial knowledge to navigate
through » map database.

In discussing future work it is iinpartant to understand the strengths
and linitations of the current research. “The strengths of this wark lic in
several unique features of the MAPS system. First, we have constructed
a system of maderate camplexity which has siguilicant capabilites in
cach arca af aur hnage/Map Database niodel. ‘The system integrates
map knowledge fram diverse sources and performs several tasks that
require synthesis of this knowledge, We have the ability to represent
complex map features in a unifarm cartographic coordinate system and
can compute ncw spatial relationships directly from the map data.




“Fhe nujor limitation in the MAPS system is the current method for
perlforming finage-w-nuip mrrcsp()ndoncc."“"" I‘rom the standpoint
of e state of the art in photogrammetry, we nuke simplistic
planemetric assimptions in our correspondence algorithm, but they do
give reasonable resnlts for severil reasons, 19irst, all oT our photographs
are vertical acrial mapping imagery, and efforts are tken to minimize
camera it Sceond. we line very high resoltion photographs, cach of

whiieh covers 1 relatively small aren. aml dne 1o the relatively local level
terrain in Washington 1. C.. our pulynomial correspondence functions

arc reasonably accurate,

The issuc is not how to recover camera information from the
imagery. since in cartography and manual photo-interpretation the
sensor models and ephemeral data are well known and modeled. but to
use existing  photogrammetric  tools  for basic  data acquisition.
‘Therefore. in this limitation we see an oppartunity to investigate how
MAPS could be interfaced to a photogrammetric frontend which would

i - ' h 1 P I} ] L. ol e 0 " 2| T 1]
diiccily  provide Swdide ngifd GGG 4 1 TR wnn

Vv

model.” The frontend should have a landmark database and
interactive display tools to guide the stereo model setup in a manner
sinilal o our curfent implementation.  Nothing in the curment MAPS
implementation precludes such an interface since we maintain a 3D
map feature representation throughout the database using the USGS
terrain database. The building of such tools should be the common

objective both to cartographers and to computer scientists.
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mMaps System Major Components

‘I'his Appendiy contwns a fist of the major program modules which

COMpOse the MAPS systent.,

Browse
hrowse
picpac

Corres
corres
checkcorres
cormain
corpairs
creatsdf
dunpcoef
dumpcor
dumpsdf
hypcorpairs
updatesdf

Ltandmark
landmark
creatldm
etytod3
etytoldm
litescribe
ldmriprt
Tdmtest

Segment
segment
nkidf
segrenamg

Machineseg
nachinesey

Conceptmap
conceptimap
huildsegmap
coetrack
congeoall
d3dump
d3entcor
d3fdump
d3tod3f
d3toimg
dimsseg
dmaextract
dumpq?
dumpsdf
ecdump
ecshow
ecsort
ectoseg
hierarchy
hiertrack
idhier
imagetoec
imagetomap
photo
segtod3
segtoimg
stercoshow
unifyseg

Wash3d
wash3d
dfeaprt
dispfea
dims
dimsbin
dimsfind
feadumper

ferrain

S12€ (bytes) COMMENTS
305500 interactive image display facility
530762 interactive image processing facility
206042 interactive image-map correspondence
49523 check cnrresponifence errors

52093 correspondence alyorithm

1511716 edit correspondence pairs file

50601 create a scene description Tile

19649 dump a coefficients file

23547 dump a correspondence file

25390 dump a scene description file

02380 generate hypothesized landmarks

59099 update a scene description file
194953 interactive landmark extraction

23557 create hinary landmark file

50217 make a .d3 file from an .ety file
19948 create landmark file from .ety files
43695 give landmark descriptions

30275 dump all info about a landmark

28090 find landmarks within yeodetic area
170230 hand segmentation progeam

10537 create ascii file from binary seg file
39045 edit segmentation rrgion names

290222 machine segmentatiun program

665710 associate conceptual and map data
90301 build composite segmentations

125241 track points using map torrespondence
213278 generate geometric database

24629 dunp a ¢3 file

93936 create corres entry from .d3 file
31039 dunp a d3 feature fite

15826 convert a .1U3 file to a feature file
44710 generate binary image from .d3 files
128324 create DLMS overlay for geodetic area
31544 extract features from DLMS .fea files
207962 dump a querylist file

25390 dump a scene description file

9425 gump the contents of a coverage file

137700 display manager for coverage files
26624 sort coverage files by keys

18173 create .seg file from coverage file
486262 huild and access hierarchical database
321869 track and display pts using hierarchy
254739 identify points using hierarchy

34203 associate image with coverage file
54092 <generic>«row><col> => <lat/lon/elev>
299710 interactive image photogrammetry
57034 convert .seg file to .d3 data structure
32785 convert .seg regions to binary image
1531256 show stereo image pairs

107603 unify segmentation regions

764517 3d scene generation from MAPS database
45013 print DLMS feature given dims code
137335 display a DLMS map feature file

53134 create dims index file

34604 convert ascii feature files to binary
45419 find a DLMS feature based on attributes
45267 dump a OLMS feature file

24097 access terrain data images

elevation
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